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ABSTRACT

The studies presented below concern the physiological and behav
ioral effects of zinc deficiency.

One group of dams were fed a zinc-

deficient diet from the morning of day 14 to the morning of day 19 of
the pregnancy.

A second group was given the same amount of food as

was eaten by their zinc-deficient counterpart (pair-fed) plus water
containing 50 ppm zinc, thus they were not zinc-deficient but did
experience starvation.

A third group was fed the diet ad libitum and

given the zinc-supplemented water.

Dams' food intake, weight gain,

food efficiency and pups per litter were determined.

Pups' birth

weight, weight at 40 days of age, mortality rate, total errors, whole
body errors, maze running time (the preceding three measures of behavior
were measured in an alley Tolman-Honzik maze), number of conditioned
responses (CR's), response latencies, and percent escape where the
subject (S_) did not avoid (the preceding three measures of behavior
were measured in a two-way platform avoidance box) were determined.
The maze learning and avoidance conditioning measures were made on
randomly selected female pups.
The dams' physiological results showed the zinc-deficient Ss
inferior to the pair-fed and ad libitum-fed j>s concerning food consump
xi

tion, weight gain and food efficiency; while litter size was not
affected.

Mortality rate was the only significantly different physio

logical measurement on the pups; the zinc-deficient group had the
highest pup mortality rate followed by the pair-fed and ad libitumfed groups.

Generally the results of the maze acquisition and

avoidance conditioning showed the zinc-deficient female S_s learned
the maze faster and were avoidance conditioned better, but not signi
ficantly so, than the ad libitum and pair-fed female Ss.

xii

INTRODUCTION

The technological ability to measure trace elements in living
organisms has brought about the question, what are the functions, if
any, of trace elements in a living organism?

Currently, there are

two distinct approaches to this question; the older is the physiological
approach, which studies how the biochemistry and physiology of the
organism changes as a result of deficiencies.

Recently, the behavioral

approach, which studies an organism's response to its environment, has
addressed itself to the question.

In the near future, we may look

forward to the interfacing of the two approaches.
Physiologically, zinc compounds have been used since early docu
mented time when the Egyptians used zinc oxide to facilitate wound
healing (Pories and Strain, 1966).

Receirtly, it has been shown that

zinc deficiencies decrease the production of DNA, RNA, certain proteins,
and several hormones in many organs including the brain (Winder and
Denneny, 1959; Schneider and Price, 1962; Sandstead and Rinaldi, 1969;
Williams and Chesters, 1970; Prasad et al., 1970; Sandstead et al.,
1972).
This thesis concentrates primarily on the behavioral approach to
the study of zinc deficiency, but references to data concerning the
physiological approach will be made.
1

The scope of this thesis is not
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limited to the discussion of only zinc deficiencies as there has been
evidence concerning the interreli tedness of many trace elements,
This study investigates the effects of zinc deficiency in the rat
on two indicies of learning, the alley Tolman-Honzik maze and two-way
platform avoidance conditioning,

Pup mortality, food consumption,

litter size and weight gain as a function of prenatal zinc deficiency
were also studied.

CHAPTER I

LITERATURE SURVEY ON TRACE ELEMENT DEFICIENCIES

Although research concerning the biochemical aspects of trace
element deficiencies began to appear in the nineteenth century, little
more than observations have been made concerning the effects of trace
elements on behavior until the middle 1960s.

Most trace element

studies are presently void of behavioral research.

Considering the

biochemical findings and the incidental behavioral observations that
have been made, behavioral research ironically has been lacking in
this area.

This chapter will review the trace element research that

either made behavioral observations or could have inferred behavioral
consequences.
Studying sheep, it was found that dietary deficiencies of cobalt
caused behavioral changes including:

failure of appetite, lethargy

and rheumy-eyed listlessness; along with physiological changes includ
ing:

emaciation, anemia, blanched buccal and conjunctival mucosa,

pale skin, lowered blood protein levels, and reduced oxygen carrying
capacity of the blood.

If cobalt was not supplemented, the sheep

eventually died; autopsies revealing fatty livers and hemosidered
spleens.

These lesions were attributed to decreased concentrations of
3
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vitamin Bj 2 > caused by vitamin B ^ ' s structural dependency upon cobalt
(Marston, 1952) .
Dietary tin deficiencies in rats behaviorally resulted in list
lessness and tonicity; while physiologically the rats showed poor growth,
loss of hair, and a seborrhea-like condition (Schwarz et al., 1970).
Chicks put on a low nickel diet behaviorally showed an unsteady
gait; along with abnormal bone development and abnormal coloration
(Nielsen, 1970).
Chromium, with a valence of +3, was found necessary (Schwarz and
Mertz, 1959) in the maintence of normal glucose tolerance in rats;
dietary deficiencies of chromium III resulted in a syndrome similar
to diabetes mellitus.

Life span, as measured by the number of Ss alive

after three years, was decreased when rats were placed on marginally
chromium deficient diets from birth; these rats were also less resistant
to pulmonary infections (Schroeder et al■, 1965).
The effects of iron deficiency were studied with two different
methods.

Rat pups born of iron deficient dams were behaviorally very

inactive, while physiologically they were small, pale, and none sur
vived more than a few days (O'Dell et al.. 1961).

In a study investi

gating the clinical effects of two drugs, tremorine and lysergic acid
diethylamide (LSD-25), both causing tremors, it was found that at the
time when the clinical effects were the maximum the brain iron content
was at its minimum.

It was hypothesized that the tremors were caused

by the ability of both drugs to remove iron from the brain (Hadzovic
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et al., 1965).
Prenatal copper deficiency in the rat has been characterized
physiologically by the pups being born after an extended parturition,
very anemic, nonviable, with subcutaneous hemmorrhages, and having a
high incidence of teratology (O'Dell et al., 1961).

Mortality rates

were abnormally high in prenatally copper deficient rat pups (Apgar,
1968a).

In a review of symptoms associated with copper deficiencies

(Marston, 1952), it was noted that there was behaviorally a failure
of appetite and ataxia of the hind limbs; while physiologically there
was decreased growth rate, loss of hair, anemia, reduced milk pro
duction and reproduction capacity, and death being caused by heart
failures resulting from atrophic lesions in the myocardium and
demyelination throughout the central and peripheral nervous systems.
Manganese deficient rat dams behaviorally showed indifference to
and failed to suckle their young; the young that were rehabilitated
at birth physiologically showed growth retardation and the males showed
sterility caused by testicular atrophy.

The testicular atrophy was

believed to be a result of abnormal hypophysis functioning from the
manganese deficiency (Orent and McCollum, 1931).
manganese deficient dams were, " . . .

Rat pups born of

not sufficiently robust to

survive the ordeal of birth; the few which do survive are not strong
enough to suckle," (Daniels and Everson, 1935).

A study (Barnes et al.,

1941) observed a high death rate and a prevalence of bone growth
abnormalities in prenatal manganese deficient pups.

In a four genera
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tion longitudinal study where rats were prenatally manganese deficient,
rehabilitated until bred, and then made deficient again (Hill et al.,
1950), the few pups that did survive birth behaviorally showed in
coordination which appeared earlier in each successive generation.
Manganese appears to have a critical period of need in rat gesta
tion.

Dams supplemented with manganese by the fourteenth day of

gestation gave birth to nonataxic pups which had normal survival rates.
When manganese was withheld until after the fifteenth day of gestation
the survival rate dropped by fifty percent and the pups that did survive
behaviorally showed a high incidence of ataxia (Hurley et al., 1959).
Bone defects also increased rapidly when manganese was withheld after
the fourteenth day of gestation in rats (Hurley and Everson, 1963).
The pups from the above study that were prenatally manganese deficient
until the fourteenth day of gestation behaviorally showed no impairment
in the air righting reflex; rat pups that were prenatally manganese
deficient after the fourteenth day of gestation never did show the air
righting reflex at a level comparable to that of the control group.
The impairment of coordination and righting reflex was hypothesized to
be caused by anomalous development of ossification of the osseous
labyrinth in the inner ear (Hurley et al., 1960) . This hypothesis
fits in well when it is considered that incoordination, defects in the
righting reflex, and bone defects increased simultaneously with lengths
and time periods of manganese deficiency in the studies mentioned above.
It was also seen morphalogically that prenatal deficient pups developed
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smaller brains (Hurley et al., 1961a) and physiologically gained less
weight (Hurley et al., 1961b) than manganese-supplemented pups.
In a three generation longitudinal behavioral study with manganesedeficient mice (Erway et al., 1966) it was shown that survival rates
increased but the percent of Ss that could swim (normally all mice
can swim; swimming is dependent upon being able to orientate one's
body in water, where environmental cues are minimal) decreased to zero
from generation one to three.

These findings indicate some degree of

genetic selection occurring which increases survival of manganesedeficient mice while at the same time decreases their spacial orienta
tion ability.
As early as 1934 it was observed that physiologically rat pups
fed zinc low diets failed to mature and lost hair (Todd et al., 1934;
Day and McCollum, 1940).

Autopsies done on the Day and McCollum rats

(Follis et al., 1941) revealed abnormal amounts of ingested hair;
hair was shown to have a high concentration of zinc.

Female rats

placed on diets with less than 2 ppm zinc were unable to reproduce be
cause of severe disruptions of estrous cycles; when they were placed
on diets of 9 ppm zinc until mated and then placed on diets of less than
2 ppm zinc all of the dams lost weight, less than 50 percent of the dams
had living young at birth, the litter size was smaller than normal, the
young were less than 50 percent normal weight, and 98 percent of the
young showed gross congenital malformations.
cluded:

The malformations in

misshapen heads, clubbed feet, fused or missing digits, shorter
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lower jaws, curvature of the spine, missing vertebra, shortened bones,
incomplete and retarded ossification, and hydroencephalus (the latter
occurring in 65 percent of the pups), (Hurley and Swenerton, 1966;
Hurley, 1969).

Food intake and efficiency, as measured by weight gain

per food intake, were reduced (Prasad et al., 1967).

Skin lesions,

atrophy of the testicles, loss of hair, and reduction of the size of
the. adrenal and pituitary glands were observed in zinc-deficient rats
(Macapinlac, 1966) .

When zinc-deficient rats were force fed to bring

their food intake up to the level of ad libitum animals, they behaviorally exhibited lethargy and loss of coordination; while they
physiologically exhibited bloating, diarrhea, and darkened urine.
Pair-fed animals did not show these symptoms.

The zinc-deficient rats

in the above experiment were found to be able to behaviorally discrim
inate, as measured by differences in amounts of the food eaten, between
the high zinc content and the low zinc content feed after only four
hours (Chesters and Wuarterman, 1970).
Zinc deficiency was found to be very stressful on rat pup delivery
(Apgar, 1968a, 1968b).

Physiologically, excessive bleeding and

lengthened parturition (up to 18 hours in the case of one pup) were
reported.

Behaviorally uneaten afterbirths, random distribution of

pups around the cage (indicating no maternal nesting pattern), uncleaned
pups, and only 25 percent of the pups survived more than two hours were
reported.
After two weeks on zinc low diets both immature and adult male
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rats showed atrophy of the seminiferous tubules, decreased numbers of
secondary and primary spermatocytes, premature seperations of spermato
cytes and degeneration of spermatocyte nuclei.

When the rats were

given zinc supplements the immature rats recovered from the above
symptoms while the adult rats did not (Whitenack et al., 1970).
The teratological and parturitient effects of prenatal zinc
deficiency in rats seems to be a function of duration and critical
period; the longer the deficiency the greater the incidence of mal
formation and the area of malformation seems related to embryological
development occurring at the time of the deficiency (Hurley et al.,
1971).

Rat dams supplemented by day 15, 18 or 19 of the pregnancy

gave birth to normal pups, but if the supplementation was delayed later
than day 19 of the pregnancy, parturition was lengthened and pup mor
tality was increased.

Dams supplemented after day 18 of the pregnancy

did not care for their pups well (Hurley, 1973).

A deficiency started

after day 18 of the pregnancy resulted in lengthened and roughened
parturition but not death of either dams or pups.

If the deficiency

was started on day 15 of the pregnancy, lengthened and roughened
parturition resulting in many dam and pup deaths occurred.

Gross

malformations occurred only in pups of dams deprived since day one of
the pregnancy (Apgar, 1972).
Similar symptoms have been noted in other zinc deficient species,
in lambs (Ott et al., 1964); in calves (Miller and Miller, 1962); in
mice (Day and Skidmore, 1947; Nishimura, 1953); in chicks (O'Dell et al.,
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1958; Krenholz et al., 1961), and in pigs (Tucker and Salmon, 1955).
Studies of zinc deficiency caused by economic deprivation of
Egyptian and Iranian adolescent males (Prasad et al., 1961; 1963a;
1963b; Sandstead et al., 1967; Ronaghy et al., 1969; Prasad and
Oberleas, 1970) have shown severe growth retardation, sexual hypofunction
characterized by hypogonadism, roughened skin, hepatospelomegaly and
endocrinology manifestations consistant with hypopituitarism.

These

symptoms were alleviated by proper diet and zinc supplements.

Sever

and Manuel (1973) proposed that the high incidence of congenital central
nervous system malformations found in the Near East may be a result of
the high incidence of maternal zinc deficiency also found there.
Objective behavioral measurements were first made by Apgar (1968b);
she observed that dam retrieval of pups to the nest was significantly
(p^.05) less for the zinc-deficient dams compared with pair-fed dams.
In a study of prenatal and postnatal zinc deficiency in rats
(Caldwell and Oberleas, 1969), pregnant dams were put on a low zinc
diet, 10 to 14 ppm where the zinc was made unavailable by soy protein
with phytate added, during the entire pregnancy and nursing periods.
At weaning, 21 days of age, the pups received a normal zinc content
diet, 70 ppm zinc.
lacking, including:

It was observed that normal maternal behavior was
nest building, cleaning pups, consumption of

placenta and retrieval of pups.

Parturition was extended and hemor

rhaging was common in the zinc-deficient dams.
pups died.

Many of the dams and

At 45 days of age a group of male and female zinc-deficient
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pups were compared with ad libitum controls in a Lashley III water
maze, one-way platform avoidance conditioner and open field.

The zinc-

deficient Ss traversed the water maze slower than the ad libitum control
Ss.

Number of errors were not reported; maze errors are considered a

better measure of maze learning than running time (Munn, 1950).

The

zinc-deficient Ss had significantly longer conditioned response latencies
and made fewer conditioned responses than did the ad libitum control Ss
in avoidance conditioning, the differences were significant at the
p^0.05 and p ^ 0.001 levels respectively.
In the second part of the above study a group of male rats was
put on an 8 ppm low zinc diet at 30 days of age.

At 78 days of age,

while still on a low zinc diet, the zinc-deficient group's behavior
was compared with a pair-fed control group's behavior.

It was found

that the zinc-deficient group was less active in the open field, inter
preted as a higher emotionality level, than the control group; the
difference was significant at the p

.001 level.

The zinc-deficient

group had longer conditioned response latencies and fewer conditioned
responses in the avoidance conditioner than did the pair-fed control
group; the differences were significant at the p ^ .001 level in both
cases.

In the Lashley III water maze, the zinc-deficient Ss were

slower in traversing than the pair-fed control Ss; the difference was
significant at the p-^.025 level.
A postnatal deficiency study replicating partially the Caldwell
and Oberleas (1969) study followed, (Caldwell et al., 1970).

A group
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of 30 day old rats were put on an 8 ppm low zinc, diet for 48 days
before testing.

The zinc-deficient group was not rehabilitated before

or during testing and it was noted that the zinc-deficient group showed,
. moderately severe zinc deficiency but were not morbid . . . .
Marked lethargy was observed in all zinc-deficient animals by the time
testing was begun."

Zinc-deficient S_s showed less activity in an open

field, interpreted as greater emotionality levels, than did the pairfed control Ss; the difference was significant at the p<C.«05 level.
Zinc-deficient Ss showed slower conditioned response latencies, fewer
conditioned responses and slower initial learning than did the pairfed control Ss in the one-way platform avoidance conditioner; the
differences were significant at the p<.10, p<!.001 and p<^.025 levels
respectively.

In the Lashley III water maze the zinc-deficient Ss

made more errors, cul-de-sac and retrace combined, and were slower
in traversing than the pair-fed control Ss; the differences were signi
ficant at the p<^.005 and p<(.001 levels respectively.

If the zinc-

deficient Ss were said to be, "lethargic" and "not morbid," there was
clearly a behavioral change resulting from the zinc deficiency, but
it is then unclear as to whether or not the zinc deficiency was respon
sible for the impairment of learning or were the Ss lethargic and sick
enough as to be unattentive to the learning environment.
In a third study done by Caldwell et al., (1973), three and onehalf week old female rats were put on a 15 ppm low zinc diet and mated
at 14 weeks of age.

The pups born of the zinc-deficient dams were
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started on zinc-supplemented diets at weaning; thus these pups were
prenatally and postnatally zinc-deficient.

The original females, still

zinc-deficient, were mated five days after weaning their litter.

This

procedure was repeated until the original zinc-deficient dams had
produced three litters each.
At between 45 and 65 days of age a group of male and female
rehabilitated zinc-deficient ^s were compared with ad libitum control
Ss on three behavioral tests; open field activity, Lashley III water
maze and one-way platform avoidance conditioning box.

The zinc-

deficient group was less active in open field tests, interpreted as
a higher emotionality level; the difference was significant at the
p<^.005 level.

There were no significant differences, although the

zinc-deficient Ss were somewhat inferior as measured by numbers of
cul-de-sac and retrace errors and in traversing time, when tested in
the Lashley III water maze.

The zinc-deficient Ss were slower in

making conditioned responses and made somewhat fewer conditioned
responses in the one-way platform avoidance test; the differences were
significant at the p ^ .005 level and the p level for number of con
ditioned responses was not given.

They also observed a 90 percent

mortality rate of the zinc-deficient pups.
In studies done at our laboratory (Lokken, 1973; Lokken et al.,
1973) a group of rat pups was made postnatally zinc-deficient by
suckling them from birth on dams kept on a diet containing less than
1.00 ppm zinc.

At weaning, 21 days of age, the male pups were put
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on zinc-supplemented diets for 23 days.

At 44 days of age the zinc-

deficient group's behavior was compared with pair-fed and ad libitum
control groups' on an elevated Tolman-Honzik maze (Tolman and Honzik,
1930) once per day for 14 days.

The results showed that both control

groups made fewer full body and total maze errors than did the zincdeficient group did; the differences were significant at the p <^,.01
level in both cases.

There were no significant differences in maze

traversing time between any of the three groups or between the number
of errors made by the two control groups.
In another experiment from the Lokken study, a group of male rat
pups was made prenatally zinc-deficient by placing pregnant dams on a
diet with undetectable amounts of zinc, from the morning of day 14 to
the morning of day 19 of the pregnancy.

At the age of 50 days the

behavior of the male zinc-deficient offspring were compared with pairfed and ad libitum control groups in an alley Tolman-Honzik maze
(Tolman and Honzik, 1930) for one trial per day for 18 days.

All Sjs

were deprived of food for 23 hours before each trial, found food and
were allowed to eat at the end of the maze.

Results showed no signi

ficant difference in traversing time; the differences in whole body
and total errors were significant at the p=.06 levels, with the zincdeficient Ss making more errors.

The differences between the control

groups were not significant.
The present study was done to measure the behavioral effects of
a prenatal zinc deficiency on rehabilitated female offspring; physio
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logical measurements were also taken as a means to assess the severity
of the zinc deficiency.

CHAPTER II

METHODOLOGY

Fifteen timed pregnant Sprague Dawley dams were received from
Thorp Industries of White Bear Lake, Minnesota.

On the morning of

day 14 of the pregnancy, the animals were randomly divided into three
treatment groups (conditions); six dams into the pair-fed group and
four dams into the ad libitum-fed group.

The zinc-deficient dams

were fed ad libitum on a sprayed egg white diet (Luecke et al., 1968)
containing less than 1.00 ppm zinc (Table 1) and given zinc-free
water.

The pair-fed dams were fed an amount of the sprayed egg

white diet equivalent to that eaten by their zinc-deficient counter
parts on the previous day, and given water containing 50 ppm zinc in
the form of zinc chloride.

The ad libitum-fed group were fed unlimited

amounts of the sprayed egg white diet and the zinc-supplemented water.
On the morning day 19 of the pregnancy (day 20 for the pair-fed) the
dams were taken off their diets and given unlimited Purina Lab Chow
and tap water.

The dams' weights were recorded on day 14 and again

on day 19 of their pregnancy; while food consumption was measured
daily.
The animals were caged in plastic cages with plastic bottom grates.
16
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TABLE 1
THE ZINC DEFICIENT DIET3

Formula

g/kg

Egg White Solids, Spray Dried
Dextrose, Hydrate, Technical
Fiber, Nonnutritive
Oil, Corn
Salt Mix (see below)
Vitamin Mix (see below)

200.00
630.108
30.00
100.00

Salt Mix
Calcium Carbonate (CaC0 3 )
Calcium Phosphate Dibasic (CaHP0 4 •2H20)
Cobalt Chloride (CoCl2‘6H20)
Curpric Sulfate (CuS0 4 -5 H 2 0 )
Ferric Citrate (FeC6 H 5 0 7 •5 H 2 0 )
Magnesium Sulfate (MgS04-71120)
Manganese Sulfate (MnS0 4 *H2 0 )
Potassium Iodide (KI)
Potassium Phosphate Dibasic (K2 HPO 4 •3 H 2 O)
Sodium Chloride (NaCl)
Vitamin Mix
Biotin
B 1 2 (0.1% in Mannitol) Vitamin
Calcium Pantothenate
Choline Chloride
Folic Acid
Menadione
Niacin
Pyridoxine HC1
Riboflavin
Thiamine HC1
Inositol
Vitamin A Palmitate
Vitamin D 2
Vitamin E Acetate

9.94405
3.1489
0.00185
0.00945
0.911542
3.38106
0.008791
0.026518
14.0044
5.55198

0.004
0.020
0.016
1.5
0.0005
0.00033
0.025
0.004
0.006
0.01
1.00
units/kg
10,000.000 IU
1,250.000 IU
110.000 IU

aThis diet was obtained from General Biochemicals of Chagrin Falls,
Ohio. It is a modified TDF1305 with lg/kg of inositol added in place of
chlorotetracycline.
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The cages were housed in an air conditioned constant temperature room
with automatic 12 hour light 12 hour dark lighting.
born on days 21 and 22 of the pregnancy.

The pups were

At 30 days of age the pups

were weaned to Purina Lab Chow and tap water, and placed in all stain
less steel cages with two or three same sex Ss per cage.

The litters

were weighed every four days starting from birth to the age of 40 days.

Experiment I
Training Conditions
At 85 days of age ten female pups were selected randomly from each
condition (pups were randomly selected from each litter in proportion
to the number of females in that litter).
A straight alley 3.93 meters long, 10.2 centimeters wide and high,
containing two guillotine doors operated by cords from a central loca
tion, and four black cloth curtains located 15.2 centimeters from the
doors was used in the maze habituation phase.

The alley was painted

flat black and covered by 3.2 millimeter thick plexiglass.
The maze used was a 14 choice point alley Tolman-Honzilc maze
(Tolman and Honzik, 1930).
high.

The alleys were 10.2 centimeters wide and

The starting and goal alleys were 40.6 centimeters long.

Cul-

de-sacs numbers 1, 5, 8 and 11 were 20.3 centimeters deep while all
others were 37 centimeters deep.

The maze was painted flat black, had

black cloth curtains 15.2 centimeters on both sides of all choice points,
was covered by 3.1 millimeter thick plexiglass, and had guillotine-like
retrace doors that could be operated by cords from a central location

19

at each choice point.
Both the runway and maze were located in a very thick walled,
all concrete, experimental suite (Figure 1) with no windows, and
thus provided few cues to the Ss while they were being run.

During

the experimental sessions the Ss were caged in all metal cages in
the anteroom of the suite where they were also fed immediately after
they had completed their daily session.

The Ss were food deprived

for 23 hours preceding each session.
Maze Habituation.— At 86 days of age the Ss were started on three
consecutive days of maze habituation with four consecutive trials per
day in the straight runway.

The Ss, run randomly, became accustomed

to the closing of the guillotine doors after them, to the curtains,
and to receiving a wet mash (consisting of powdered Purina Lab Chow
and cod liver oil) for 15 seconds at the end of the runway.

After

being allowed to eat for 15 seconds the S_ was placed at the start of
the runway for the next trial.

After four trials the S^was placed

in a feeding cage and allowed to eat Purina Lab Chow and drink water
for 45 minutes.

At the end of each day's session the Ss were placed

back in their home cages.
Maze Training.— At 89 days of age, following the three days of
maze habituation, the S[s were given 18 consecutive days with one trial
per day of training in the alley Tolman-Honzik maze.

The Ss, run ran

domly, were allowed to eat the cod liver oil mash for 15 seconds in
the goal alley before being placed in their feeding cages for 45 minutes.
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Fig. 1. The Experimental Suite with the Runway and Alley
Tolman-Honzik Maze.
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Running time (from the release of the S_ in the start alley to the
moment it touched the wet mash in the goal alley) was recorded with
a stopwatch.

Types and location of errors were recorded.

types of errors included:

hesitation errors, when the

The six
paused before

choosing an alley; one-quarter body errors, when the S_'s head and
front legs entered the cul-de-sac; one-half body errors, when the S^
entered the cul-de-sac with the front half of its body; three-fourths
body error, when the S/s body entered the cul-de-sac as far as the
rear legs; full body errors, when the S_ entered the cul-de-sac com
pletely; retrace errors, when the S_ passed the choice point and then
turned back into the cul-de-sac.

Experiment II
Inter Experimental Conditions
At the conclusion of the maze training, the Ss were 107 days old.
The Ss were divided into two box groups (box group one and box group
two), of 15 Ss, by randomly dividing litter mates where possible;
thus each of the two box groups contained five Ss from each of the
experiments three conditions, zinc-deficient, pair-fed and ad libitumfed.

This was done because of the long time required to run groups of

animals through avoidance conditioning.

The Ss were housed in all

metal cages with two or three Ss per cage and given unlimited Purina
Lab Chow and tap water.
Avoidance Conditioning.— At 114 days of age for box group one or
121 days of age for box group two, the Ss were started on four consecu
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tive days with 25 trials per day in an automatic two-way platform
avoidance conditioner.^

The Ss were run in a random order.

conditioning parameters include:

The

the conditioned stimulus (CS) con

sisted of a 12 volt, 120 milliampere light on each side of the box
which was turned on the side of the box which received the uncondi
tioned stimulus (UCS) five seconds prior to the UCS and was turned
off with the conditioned response (CR) or unconditioned response (UCR)
or at the end of 15 seconds of shock if the S_ failed to avoid or escape
The CR consisted of avoiding the UCS by jumping over the eight centi
meter high barrier to the opposite side of the shuttle box.

The UCR

consisted of escaping the UCS by jumping over the same barrier to the
opposite side of the shuttle box.

The UCS was a grid shock of 0.8

milliamperes of scrambled direct current, as measured on a dumby load
circuit, and a barrier shock of 60 volts direct current (the barrier
shock was 20 volts for the first day of avoidance conditioning for
each of the box groups).

The UCS started five seconds after the initia

tion of the CS and continued for 15 seconds or until the S^ avoided or
escaped.

The intertrial interval (ITI) was 60 seconds long as measured

from the termination of the CS or UCS to the initiation of the CS for
the next trial.

The two-way platform avoidance box was placed inside

a light-proof wooden box with 1.9 centimeter thick black foam-rubber
sound insulation on the inside surfaces.

The wooden box was 57 centi-

^Rat Toggle Floor Shuttle Cage model number 146-04 LeHigh Valley
Electronics circa 1972.

meters wide by 116 centimeters long by 73 centimeters high, had a door
on a 73 centimeter by 116 centimeter side and a fan on each of the 57
centimeter by 73 centimeter sides.

One fan operated as an air intake

and the other as an exhaust, while they also provided white noise that
masked external equipment noises.

Automatic equipment recorded number

of CR's, number of UCR's,.number of intertrial responses (ITR's), and
response latency.

CHAPTER III

RESULTS

The effects of zinc deficiency in rats are varied and at times
inconsistent; with some dependant variables rats that were zinc-deficient
did better than the ad libitum-fed and pair-fed rats, while in other
cases the results were just the opposite.

Generally, it was found that

prenatally zinc-deficient rats acquired the maze fastest and did best
in avoidance learning, while they did poorest on the physiological
measures taken.

Physiological Results of the Dams
Food Consumption
The total food consumption of the pregnant zinc-deficient dams was
lower than that of the ad libitum dams (Figure 2), although the differ
ence (as measured by a one-factor analysis of variance between condi
tions) was not significant at the 0.05 level (Table 2).

To see whether

the two groups were different on any day concerning daily food con
sumption, their daily food consumptions were contrasted via repeated
t tests.

The only day to show a significant difference between groups

was the fifth day when the ad libitum group ate significantly more
than the zinc-deficient group (Table 3).
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Fig- 2. Mean Food Consumed per Day During the Experimental
Treatment for the Ad libitum-fed and Zinc Deficient-fed.
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TABLE 2

ANALYSIS OF VARIANCE FOR DAMS' FOOD CONSUMFTION

Source

d.f.

M.S.

Between
Treatment Conditions

2

1546.35

Within
Error for between

12

854.57

F ratio

1.80

TABLE 3
t VALUES BETWEEN TREATMENT CONDITIONS CONCERNING
DAILY FOOD CONSUMPTION

Day

1
2
3
4
5

Zinc-deficiency
N=6
s
Xa

Ad libitum
N=4
s
X

24.30
23.57
20.10
6.80
4.10

21.28
21.28
22.10
19.08
20.53

2.18
2.50
2.85
4.34
3.70

t Value
d.f.=8

1.02
0.92
0.54
2.83
4.44*
*

2.97
2.04
2.38
0.99
2.81

aMeans and standard deviation are given in grams.
*p<£ 0.05 after Scheffe's correction for multiple contrasts.

Dams' Weight Gain
The weight gain of the zinc-deficient dams during the experimental
treatment was less than the pair-fed dams and the pair-fed dams' weight
gain was less than the ad libitum-fed dams' weight gain (Table 4).
Statistical analysis (a one-factor analysis of variance) generated a
significant difference between groups, p<, 0.01 (Table 5).

Two-tailed
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TABLE 4

DAMS' WEIGHT GAIN DURING THE TREATMENT3
Pair-fed
N=5

Zinc-deficiency
N=6

Ad libitum
N=4

X

9.33

28.42

47.13

s

14.72

10.07

10.05

aThe weights are given in grams

TABLE 5
ANALYSIS OF VARIANCE FOR DAMS' WEIGHT GAIN DURING TREATMENT

Source

Between
Treatment Conditions
Within
Error for between

d.f.

M.S.

2

3363.16

12

419.22

F ratio

8.02*

*p < 0.01

t tests were then done between the group means; the ad libitum-fed group
gained significantly more weight than the zinc-deficient group, p^O.05.
All other t's were not significant at the 0.05 level (Table 6).

Food Efficiency of Dams
Food efficiency, weight gained divided by food eaten, was a measure
of how well food was used.

The zinc-deficient dams were less efficient

food users than the pair-fed dams, while the pair-fed dams were less
efficient food users than were the ad libitum-fed dams (Table 7).

A one-
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TABLE 6

t VALUES3 FOR THE DIFFERENCES BETWEEN TREATMENT CONDITIONS
CONCERNING WEIGHT GAINED DURING THE
EXPERIMENTAL TREATMENT

Zinc-deficient
vs. Ad libitum

Zinc-deficient
vs. Pair-fed

Ad libitum vs.
Pair-fed

t

1.49

2.81*

1.37

d.f.

9

8

7

3 s^= 419.22
*p<0.05 after Scheffe1
's adjustment for multiple comparisons.

TABLE 7
DAMS' FOOD EFFICIENCY IN PERCENT

Zinc-deficient

Pair-fed

Ad libitum

X

12.04

33.49

45.19

s

16.23

7.15

3.52

factor analysis of variance yielded a significant difference, p<(0.01,
between groups (Table 8).

Two-tailed t tests were then computed between

each of the group means; only the t between the zinc-deficient group and
the ad libitum group was significant, p<^0.05 (Table 9).
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TABLE 8

ANALYSIS OF VARIANCE FOR DAMS' FOOD EFFICIENCY DURING TREATMENT

Source

Between
Treatment Conditions
Within
Error for between

d.f.

M.S.

F ratio

2

0.29

8.72*

12

0.033

*p <0.01

TABLE 9
t VALUES3 BETWEEN TREATMENT CONDITIONS
CONCERNING FOOD EFFICIENCY

Zinc-deficient
vs. Pair-fed

Zinc-deficient
vs. Ad libitum

Ad libitum v s .
Pair-fed

t

2.04

2.66*

0.94

d.f.

9

8

7

3 s^= 0.0328
*p^0.05 after Scheffe's adjustment for multiple comparisons.

Litter Sizes
The group means are given in Table 10.

Litter sizes were not signi

ficantly different at the 0.05 level between treatment groups as measured
by a one-factor analysis of variance (Table 11).
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TABLE 10

LITTER SIZES FOR THE TREATMENT CONDITIONS

Pair-fed

Zinc-deficient

Ad libitum

X

12.33

11.40

12.00

s

3.06

2.28

3.16

TABLE 11
ANALYSIS OF VARIANCE FOR LITTER SIZES
M.S.

F ratio

2

2.40

< 1.00

12

24.54

d.f.

Source

Between
Treatment Conditions
Within
Error for between

Physiological Results of the Pups
Pup Weights
At birth the zinc-deficient pups were the smallest followed by the
pair-fed and ad libitum pups (Table 12), although the overall difference
was not significant (as measured by a one-factor analysis of variance)
(Table 13).
At 40 days of age the zinc-deficient pups were still the smallest
followed by the ad libitum and pair-fed pups (Table 14), and the overall
difference was again nonsignificant (Table 15).
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TABLE 12

MEAN PUP WEIGHT3 PER LITTER AT BIRTH
Zinc-deficient

Pair-fed

Ad libitum

X

5.50

5.78

6.23

s

0.76

0.65

0.54

Weights are given in grams.

TABLE 13
ANALYSIS OF VARIANCE FOR BIRTH WEIGHT OF THE PUPS PER LITTER

Source

d.f.

Between
Treatment Conditions
Within
Error for between

M.S .

F ratio

2

1.30

1.00

12

1.30

TABLE 14
MEAN PUP WEIGHT3 PER LITTER AT 40 DAYS OF AGE
Zinc-deficient

Pair-fed

Ad libitum

X

120.50

122.48

122.43

s

19.54

15.54

3.96

aWeight is given in grams.
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TABLE 15

ANALYSIS OF VARIANCE FOR PUP WEIGHT PER LITTER
AT 40 DAYS OF AGE

Source

d.f.

M.S.

2

13.78

12

639.29

Between
Treatment Conditions
Within
Error for between

F ratio

<

1.00

Pup Mortaility
The pup mortality rate before the age of 40 days showed the zincdeficient group having a higher rate than the pair-fed group or the
ad libitum group (Table 16).

Statistical analysis, a Chi-square (using

alive at 40 days, dead at 40 days as one dimension, and treatment groups
as the other dimension), generated a significant difference between this
distribution and chance (p^ 0.001, X^=36.37, d.f.=2).

Chi-squares

between two groups at a time were computed to determine where the
largest differences were.

The ad libitum group and the pair-fed group

were both significantly lower than the zinc-deficient group (p<( 0.001,
X^=26.47, d.f.=l; p<C0.001, X^=16.05, d.f.=l respectively).

The ad

libitum group was significantly lower than the pair-fed group (p<(0.05,
X^=5.16, d.f.=1).
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TABLE 16

PUP MORTALITY DATA BEFORE THE AGE OF 40 DAYS

Zinc-deficient
N=74
Died
Lived
Mean death age
Standard deviation
of death age

Pair-fed
N=58

Ad libitum
N=47

34
40
4.24

7
51
7.43

0
47
a

3.10

6.83

a

aSince none of the ad libitum population died this entry is
irrelevant.

Summary of Physiological Results
In order to gain an overall perspective and test for a possible
significant trend, the physiological results for the dams and the pups
were ranked with respect to the magnitude of their means.

Food con

sumption of the dams were not included as it is currently interpreted
inconsistently between experimenters.

A Friedman two-way analysis of

variance was then used to analyze the distribution of ranks.

The dis

tribution of group ranks approached the 0.05 significance level (p=0.073,
o
X£=5.33, N=6, k=3) and the differences were in the expected direction
with the zinc-deficient group having the poorest rank followed by the
pair-fed and ad libitum groups (Table 17).
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TABLE 17

RANKED3 PHYSIOLOGICAL RESULTS

Source

Zinc-deficient

Dam weight gain
Food efficiency
Litter size
Pup birth weight
Pup mortality
Pup weight at 40 days
TOTALS

Pair-fed

Ad libitum

3
3
1
3
3
3

2
2
3
2
2
1

1
1
2
1
1
2

16

12

8

aRank 1 is the most favorable, rank 3 is the least favorable.

Behavioral Results of the Pups
Experiment I
Total Maze Errors
The zinc-deficient female J3s made the fewest number of total maze
errors (all partial body, retrace and hesitation errors combined)
(Figure 3).

The ad libitum-fed group made the next fewest total maze

errors followed by the pair-fed group.

A two-factor (trial by condi

tions) analysis of variance with repeated measures over one factor was
computed for total maze errors.

There was a significant difference

between trials (p< 0.001), but there was not a 0.05 level difference
between conditions or between the conditions by trials interaction
(Table 18) .
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Fig. 3.
Groups.
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MEAN T O T A L MAZE ERRORS
1*0

CO

C jn

c rs

TRI ALS
8e

-«o

CO

CXJ

C3

39

TABLE 18

ANALYSIS OF VARIANCE FOR TOTAL MAZE ERRORS

d.f.

Source

M.S.

F ratio

Between Ss
Treatment Conditions
Error between

2
27

10.42
22.30

17
34
459

143.84
4.85
3.85

<1.00

Within
Trials
Trials by Conditions
Error Within

37.36*
1.26

*p< 0.001

Maze Running Time
With the same analysis of variance design as above, maze running
time was analyzed.
(p <0.001).

The difference between trials was significant

Both the conditions and trials by conditions interaction

were not significant at the 0.05 level (Table 19).

The learning curve

of running time is given in Figure 4.

TABLE 19
ANALYSIS OF VARIANCE FOR MAZE RUNNING TIME
Source

d.f.

M.S.

F ratio

Between Ss
Treatment Conditions
Error between

2
27

5638.83
3001.38

1.88

Fig. A. Mean Maze Running Time in Seconds for the Th
Treatment Groups.
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TABLE 19— Continued

Source

d.f.

M.S.

F ratio

Within
Trials
Trials by Conditions
Error

17
34
459

33346.36
482.83
703.81

47.38*
1.00

*p <0.001

Whole Body Maze Errors
Whole body maze errors yielded results inconsistent with the pre
ceding two measures of maze learning.

Pair-fed Ss made the fewest

whole body errors followed by the ad libitum Ss and the zinc-deficient
jSs (Figure 5).

Statistical analysis was carried out (using the same

analysis of variance design as above) but the differences between
conditions and conditions by trials interaction failed to reach the
0.05 significance level (Table 20).

There was a significant difference

between trials (p^ 0.001).

TABLE 20
ANALYSIS OF VARIANCE FOR WHOLE BODY ERRORS

Source

d.f.

M.S.

F ratio

3.95
9.76

1.00

Between Ss
Treatment Conditions
Error between

2
27

Fig. 5.
Groups.

Mean Whole Body Maze Errors for the Three Treatment
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TABLE 20— Continued

d.f.

Source

F ratio

M.S.

Within
Trials
Trial by Conditions
Error Within

17
34
459

75.44
1.20
2.02

37.35*
<1.00

*p<0.001

Summary of the Pups' Maze Acquisition
In order to gain an overall perspective and test for a possible
significant trend, the maze acquisition results for the pups were ranked
with respect to the magnitude of their means. A Friedman two-way
analysis of variance was used to analyze the distribution of treatment
condition ranks.

The zinc-deficient group had the best mean rank

followed by the ad libitum and pair-fed groups (Table 21).

The differ

ence in ranks, unlike the physiological results, did not approach the
0.05 significance level (p=0.944, X^=0.60, N=3, k=3).

TABLE 21
RANKED3 MAZE RESULTS

Source
Total Maze Errors
Traversing Time
Whole Body Errors
TOTALS

Zinc-deficient

Pair-fed

Ad libitum

1
1
3

3
3
1

2
2
2

5

7

6

aRank 1 is the most favorable rank, rank 3 is the least favorable
rank.
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Experiment II
A three-factor (three treatment conditions, two box groups and
trials) with repeated measures over one factor, analysis of variance
was used to analyze the data.

In the cases of number of avoidances,

response latency and percent escape where the S_ did not avoid; each
day's results were blocked into five parts, the first five trials were
warm up and were not analyzed, the remaining four parts of five trials
each were used as the parameter of the trial dimension.

Thus there

were four days of four trial blocks or 16 blocks in the trial dimension.
With intertrial responses, each day's total number of intertrial
responses was used as a block for the trial dimension.

Thus there were

four days of one trial block per day or four trial block totally.

Number of CR's
The zinc-deficient group had the most avoidances followed by the
ad libitum group and the pair-fed group (Figure 6).

The analysis of

variance yielded only a significant difference between trials (p<(,0.001),
while all other differences failed to reach the 0.05 significance level
(Table 22) .
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Fig. 6. Mean Number of Avoidances per Trial Block for the
Three Treatment Groups.
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TABLE 22
ANALYSIS OF VARIANCE FOR NUMBER OF CR'S

d.f.

Source

M.S.

F ratio

Between Ss
Treatment Conditions
Box groups
Treatments by Box
groups
Error between

2
1

20.47
0.68

1.10
<1.00

2
24

35.17
18.59

1.89

15

24.50

19.29*

30
15

1.34
0.48

1.06
< 1.00

30
360

1.21
1.27

< 1.00

Within
Trials
Trials by Treatment
Conditions
Trials by Box groups
Trials by Box by
Treatments
Error

*p< 0.001

Percent Escape Where Escapes Were Possible
Percent escape where escapes were possible has been used as a
measure of escape learning.

The number of avoidances the

made were

subtracted from the denominator (number of trials) because if this was
not done the S_s that showed avoidance would have had a lowered escape
index even though the S_ had already mastered escape.
given in Figure 7.

The results are

The analysis of variance yielded a significant

difference between trials (p<0.001), while none of the other F's reached
the 0.05 significance level (Table 23).
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Fig. 7. Mean Percent Escapes Where the S_ did not Avoid for
the Three Treatment Groups.
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TABLE 23
ANALYSIS OF VARIANCE FOR PERCENT ESCAPE WHERE ESCAPE WAS POSSIBLE

Source

F ratio

d.f.

M.S.

2
1

1085.36
8291.72

< 1.00
< 1.00

2
24

7838.90
11303.27

<1.00

15

4269.18

11.07*

30
15

440.59
397.27

1.14
1.03

30
360

66.79
385.72

< 1.00

Between Ss
Treatment Conditions
Box groups
Treatment by Box
groups
Error between
Within
Trials
Trials by Treatment
Conditions
Trials by Box groups
Trials by Treatments
by Box
Error within

*p<0.001

Response Latency
The response latency curves are given in Figure 8.

The analysis

of variance showed a significant difference between trials (p<(, 0.001),
while all other F's failed to reach the 0.05 significance level
(Table 24) .
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Fig. 8. Mean Response Latency in Quarter Seconds for the
Three Treatment Groups.
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TABLE 24
ANALYSIS OF VARIANCE FOR RESPONSE LATENCIES

Source

d.f.

M.S .

F ratio

Between Ss
Treatment Conditions
Box groups
Treatments by Box
groups
Error between

2
1

3337.01
9.46

< 1.00
< 1.00

2
24

2915.26
4409.06

< 1.00

15

2454.18

30
15

30.08
7.31

< 1.00
< 1.00

30
360

170.35
120.86

1.41

Within
Trials
Trials by Treatment
Conditions
Trials by Box groups
Trials by Treatments
by Box groups
Error within

20.31*

*p< 0.001

Intertrial Responses
The pair-fed Ss had the most intertrial responses followed by the
ad libitum and zinc-deficient group (Figure 9).

The analysis of inter

trial responses generated no differences significant at the 0.05 level
(Table 25).
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Fig. 9.
Treatments.

Mean Number of Intertrial Responses for the Three
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TABLE 25
ANALYSIS OF VARIANCE FOR INTERTRIAL RESPONSES

d.f.

Source

M.S.

F ratio

Between Ss
Treatment Conditions
Box groups
Treatments by Box
groups
Error between

2
1

472.66
282.13

3.26
1.95

2
24

153.66
144.77

1.06

3

11.13

< 1.00

6
3

42.16
28.82

< 1.00
< 1.00

6
72

58.51
70.70

< 1.00

Within
Trials
Trials by Treatment
Conditions
Trials by Box groups
Trial by Treatments
by Box groups
Error within

Summary of the Pups' Avoidance Conditioning
In order to gain an overall perspective and test for a possible
significant trend, the avoidance conditioning results were ranked with
respect to the magnitude of their means and a Friedman two-way analysis
l

of variance was used to analyze them.

Intertrial responses were not

included in this analysis as they are not interpreted consistantly be
tween experimenters.

The zinc-deficient group had the highest, (best)

mean rank followed by the ad libitum and pair-fed groups (Table 26).
The treatment conditions were significantly different (p=0.028, X£=
6.00, N=3, k=3).

It is not surprising that a significant difference

resulted as there was perfect agreement between ranks and treatment
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conditions.

TABLE 26
RANKED3 AVOIDANCE RESULTS

Source

Zinc-deficient

Pair-fed

Act libitum

Number of avoidances

3

2

Response latency

3

2

Percent escape where
escape was possible

3

2

9

6

TOTALS

aRank 1 is the most favorable, rank 3 is the least favorable.

CHAPTER IV

DISCUSSION

Although not all of the physiological results showed significant
differences at the 0.05 level between the treatment groups; all of
the results were in the direction that would support the hypothesis
that zinc deficiencies are stressful to living organisms.

This would

be consistant with the results of previous experimenters.
Zinc-deficient dams showed a loss of appetite as measured by
food intake, less weight gained and reduced food efficiency when com
pared with pair-fed and ad libitum-fed control groups.

The lack of

significant differences at the 0.05 level, which resulted in some
cases, could be accounted for by the small N and short duration of the
zinc deficiency.

Still, in all cases, the differences were in the

right direction, and the zinc-deficient rats without exception in this
study or in the literature, ate less, gained less weight and were less
efficient food users than controls.
The lack of differences at all between treatment groups comparing
litter sizes, pup weight at birth and pup weight at 40 days of age
shows that indeed there was a mild deficiency and that two days of
zinc supplementation before birth was enough to counteract the effects
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of the zinc deficiency on these three criterion.

Pup mortality rate

before the age of 40 days indicated that although the prenatally zincdeficient pups were strong enough to survive birth, as also seen by
pup weights and litter sizes, many (42 percent) were not strong enough
to survive to the age of 40 days.

The pup mortality rate introduced a

possible sampling error into the design of the maze learning and
avoidance learning phase of this experiment.

Did the pups that died

from the zinc-deficient group represent a random sample of ability,
or were they at the high end of the ability continuum, or perhaps were
they the Ss that would have been the lower end of the ability continuum?
All of the above three hypotheses are possible, but the last seems the
most probable and tenuable.

Therefore interpretation of these results

and the results of others should be done cautiously in light of the
sampling error that presently is unmeasured but may be occurring.
With maze learning no criterion showed a significant difference
between treatment groups.

The direction of the treatment group differ

ences for maze running time and total errors showed zinc-deficient
group somewhat faster maze acquires compared to the ad libitum-fed
and pair-fed groups.

This direction was inconsistent with the Caldwell

et al., and the Lokken et al., research.

Whole body errors, although

not significantly different between groups, were in a direction similar
to the Caldwell et al., and Lokken et al., research, but not the same,
as the pair-fed group lead the ad libitum-fed group in this study.
The results of avoidance conditioning showed no differences signi-
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ficant at the 0.05 level between treatment groups.

The direction of

the difference in all cases indicates that the zinc-deficient group
were faster avoidance conditioners than the ad libitum and pair-fed
groups.

These results are in the opposite direction of the Caldwell

et al., combined prenatal and postnatal studies.
Although there have not been any studies done concerning a sex
difference with prenatally zinc-deficient rats, female rats are gen
erally considered more resistant to both physical and chemical stresses;
therefore it may be hypothesized that zinc-deficient females are more
resistant to zinc deficiencies than males.

The above hypothesis would

in part explain the difference in results between this study and the
Caldwell and Lokken studies which used mixed male female, and all male
Ss respectively.
In future research the male-female dimension should be studied
over mortality rates, birth weights, weight gain, food efficiency, maze
learning, avoidance conditioning, and life span to see whether the
females are more resistant to deficiencies than are males.

The above

variables should be studied over different durations and periods of
deprivations to see whether the critical periods of deprivation are
constant across the variables.

With avoidance conditioning, other CS's

should be compared to see whether a zinc deficiency has different effects
on different sensory systems.

In the design of these experiments equal

number of dams should be assigned to each treatment group so that
multiple dimensioned analysis of variance would be facilitated; this
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would increase the accuracy and percision of the data analysis.

A

correlational study between physiological measures of zinc deficiency,
blood levels, tissue levels, etc., and behavioral measures is also
needed to determine at what levels zinc deficiencies affect behavior.
An increased N would be beneficial.

In this study, both the pair-

fed and ad libitum groups had a very deviant
tioning phase.

in the avoidance condi

If the samples would have been larger this deviance

would have been more randomly dispersed among all three treatment groups
Another adjustment, which is commonly used, is dropping Ss that are
more than two standard deviations from their group means.

This was

not done here because of the unequal N's that would have almost hope
lessly complicated the data analysis; also with the two deviant Ss
out of the analysis it would have decreased the between treatment
group variance term and thus made something which was nonsignificantly
different more nonsignificantly different.

On the graphs of avoidance

conditioning (Figures 6, 7 and 8) the pair-fed's and ad libitum's
curves would be closer approximations of the zinc-deficient's curve.
Intertrial responses would not have changed as the deviant Ss were
near the mean concerning intertrial responses and there were no highly
deviant S>s.
As a conclusion to the results of this study, support will be
given to the hypothesis that prenatal zinc deprivation is harmful physio
logically to both dams and pups but that the female pups that do survive
are not handicapped but were normal maze or avoidance learners .

APPENDIX

RAW DATA
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TABLE 27

MEAN PUP WEIGHT PER LITTER IN GRAMS

Days

Zinc-dcficient
N=6

Pair-fed
N=5

Ad libitum
N=4

1

5.50

5.78

6.23

2

6.83

8.58

9.30

3

11.75

13.12

14.70

4

17.22

18.90

19.03

5

24.45

25.28

25.65

6

32.13

30.68

31.43

7

40.67

42.50

43.80

8

58.70

60.86

68.35

9

78.60

73.58

83.88

10

100.88

105.16

104.73

11

120.53

122.48

122.43
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TABLE 28
AGE AT WHICH DEATH OCCURRED IN THE PUPS

Zinc-deficient

Pair-fed

.i'

0

1

1

0

1

5

1

0

2

5

2

0

3

7

1

0

4

4

0

0

5

1

0

0

6

7

0

0

7

1

1

0

10

2

0

0

16

1

0

0

18

0

1

0

0
32

0
7

0

TOTAL that died

0
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TABLE 29

Zinc-deficient
N=10
Total
W.B.

Pair-fed
N=10
W.B.
Total

1

U3
00

MEAN WHOLE BODY AND TOTAL ERRORS PER ANIMAL
IN THE TOLMAN-HONZIK MAZE

2

5.7
4.4
3.9
2.7
2.6
2.5
1.3
1.5
1.2
1.0
1.1
1.2
0.5
1.9
1.1
1.3
0.8

5.8
4.9
4.2
3.3
2.7
2.2
2.5
1.3
0.9
1.3
0.7
1.2
0.8
1.4
0.7
1.2
0.8
0.4

Tri,

3
4
5

6
7
8
9
10

11
12

13
14
15
16
17
18

8.5
7.5
6.0
5.0
4.5
4.3
4.1
2.4
2.5
2.5
2.3
2.8
2.0
1.4
3.1
1.8
2.1
2.4

9.5
6.8
7.9
6.8
6.8
5.2
5.2
3.0
2.5
3.6
2.8
2.1
2.3
2.8
1.7
1.9
2.1
0.5

Ad libitum
N=10
W.B.
To tal
5.9
5.6
3.8
3.6
2.3
2.3
2.0
1.3
2.0
1.0
1.0
1.3
1.3
1.7
0.6
1.1
1.2
1.3

9.9
7.1
6.5
5.3
4.3
3.8
4.3
2.5
2.7
1.8
2.4
2.2
2.3
2.6
1.9
2.4
2.4
2.8
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TABLE 30

MEAN MAZE RUNNING TIME PER ANIMAL IN SECONDS

Trials

Zinc-deficient
N= 10

Pair-fed
N=10

Ad libitum
N= 10

1

126.90

152.00

164.00

2

93.45

90.90

81.50

3

58.05

95.10

70.80

4

46.50

71.65

59.15

5

32.30

50.15

37.50

6

29.80

53.00

35.35

7

29.90

46.50

38.60

8

21.95

30.15

25.30

9

20.45

27.10

23.75

10

20.05

28.90

17.70

11

21.50

27.25

20.20

12

31.90

28.25

25.45

13

18.35

25.00

23.20

14

14.75

26.45

25.40

15

20.15

20.80

18.25

16

16.00

24.05

18.85

17

19.20

25.05

25.15

18

17.75

17.90

20.85
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TABLE 31

MEAN NUMBER OF CR'S PER ANIMAL IN AVOIDANCE CONDITIONING

Trials

Zinc.--deficient
N= 10

Pair-fed
N= 10

Ad libitum
N=10

1-5

0.1

0.0

0.0

6-10

0.4

0.0

0.1

11-15

0.5

0.1

0.2

16-20

0.7

0.2

0.8

21-25

0.2

0.0

0.3

26-30

1.0

0.2

0.3

31-35

0.9

0.6

1.1

36-40

1.4

0.9

1.3

41-45

1.0

0.8

1.2

46-50

1.9

0.9

1.1

51-55

2.7

1.1

1.5

56-60

2.3

1.8

2.6

61-65

1.4

1.3

2.3

66-70

2.3

1.2

2.8

71-75

2.9

1.6

3.3

76-80

3.1

1.9

3.3
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TABLE 32

MEAN PERCENT ESCAPE WHERE THE ANIMAL DID NOT
AVOID IN AVOIDANCE CONDITIONING

Pair-fed
N=10

Ad libitum
N=10

Trials

Zinc.-deficient
N=10

1-3

80.00

62.00

76.00

6-10

74.00

56.00

74.00

11-15

72.00

52.00

60.00

16-20

75.00

54.00

62.00

21-25

94.00

84.00

88.00

26-30

92.00

86.00

87.00

31-35

98.00

86.00

90.00

36-40

100.00

90.00

90.00

41-45

100.00

90.00

90.00

46-50

100.00

90.00

90.00

51-55

100.00

90.00

90.00

56-60

100.00

90.00

90.00

61-65

100.00

90.00

90.00

66-70

100.00

90.00

90.00

71-75

100.00

90.00

90.00

76-80

100.00

90.00

90.00
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TABLE 33

MEAN RESPONSE LATENCY IN QUARTER SECONDS PER ANIMAL
IN AVOIDANCE CONDITIONING

Trials

Zinc-deficient
N= 10

Pair-fed
N=10

Ad libi
N=10

1-5

36.88

50.58

40.14

6-10

39.20

51.16

42.16

11-15

39.24

51.60

46.56

16-20

35.94

49.22

44.02

21-25

28.60

35.90

31.16

26-30

27.94

34.14

29.84

31-35

22.78

31.04

27.14

36-40

21.00

27.68

26.66

41-45

21.60

28.44

26.84

46-50

18.90

27.42

27.08

51-55

16.54

26.76

24.94

56-60

18.04

24.24

22.44

61-65

20.84

27.52

24.80

66-70

17.90

27.78

23.62

71-75

16.78

26.36

21.42

76-80

16.26

24.42

20.90
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